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Background: Patients with heparin-induced thrombocytope-
nia type II require an alternative to standard heparin anticoag-
ulation. However, in patients with renal impairment, anticoag-
ulation during cardiopulmonary bypass with agents such as
danaparoid sodium or r-hirudin are associated with hemor-
rhage. Anticoagulation with unfractionated heparins combined
with prostacyclin, a potent platelet aggregation inhibitor, is
associated with severe hypotension. The authors investigated a
new concept using unfractionated heparins after platelet inhi-
bition with the short-acting platelet glycoprotein IIb-IIla antag-
onist tirofiban.

Methods: Ten patients with heparin-induced thrombocytope-
nia type II and renal impairment were enrolled in the investi-
gation. All had heparin-induced thrombocytopenia type II an-
tibodies present as proved by the heparin-induced platelet
aggregation assay, the heparin—platelet factor 4 enzyme-linked
immunosorbent assay, or both. In all patients, preoperative
anticoagulation to an activated partial thromboplastin time of
40—60 s was performed with r-hirudin. Anticoagulation during
cardiopulmonary bypass was achieved with a bolus of 400 IU/kg
unfractionated heparins after a bolus of tirofiban 10 pg/kg fol-
lowed by an infusion of tirofiban at a rate of 0.15 pg - kg™ " - min~*
until 1 h before conclusion of cardiopulmonary bypass. Addi-
tional unfractionated heparins were only administered if activated
clotting time decreased below 480 s. Coagulation was monitored
by a abciximab-modified TEG® and the adenosine diphosphate—
stimulated (20 pm) platelet aggregometry. D-dimer concentra-
tions, as a marker of venous thromboembolism, were measured
before and 12, 24, and 48 h after surgery. Postoperative antithrom-
botic therapy was started immediately with r-hirudin to anticoag-
ulation to an activated partial thromboplastin time of 40—60 s.

Results: The postoperative blood loss ranged from 110 to
520 ml. No patient needed reexploration. In no patient was
there clinical evidence of thrombosis or embolism in the post-
operative period or of a critical increase of the D-dimer con-
centrations, suggesting venous thromboembolism. Transfusion
of platelets was necessary in only two patients.

Conclusions: The protocol is easy to perform and no increased
postoperative bleeding and no thromboembolic complications oc-
curred. The combination of unfractionated heparins and tirofiban
may be an alternative to other anticoagulation strategies in pa-
tients with heparin-induced thrombocytopenia.
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HEPARIN-INDUCED thrombocytopenia (HIT) type Il is a
potentially life-threatening complication. In contrast tQ,
HIT type I, the underlying mechanism of which has nog
been clearly identified and which is not associated witl§
clinically relevant sequelae, immune-mediated HIT II i§;
frequently associated with thromboembolic complica:%
tions.'~* In patients with HIT II, antibodies against comi
plexes of heparin and platelet proteins, in particulag)
platelet factor 4, are generated. The antigen-antibodg
complexes bind to platelet receptors and induce platele%
aggregation. This leads to a decrease of the platelet Coun%
and is often associated with thrombosis and embolism oig
the venous or the arterial system, or both, with a ratio of
venous-to-arterial thrombotic events of 3-4:1.¢

The diagnosis of HIT II is suspected clinically by thg
rapid decrease of the platelet count below 100,000/l og
to 50% of the baseline value after heparin administrationg
Confirmation of the diagnosis of HIT II can be achievcx%
with laboratory tests. The presence of heparin-plateleg
factor 4 antibodies can be directly proved using an ert;‘?
zyme-linked immunosorbent assay or indirectly in func’%
tional tests, such as the C,labeled serotonin releas@
assay or the heparin-induced platelet-aggregation assay%
both of which reveal platelet activation and aggregatiorg
in the presence of patient serum that contains HIT IE
antibodies, platelets, and heparin.”

The incidence of HIT II varies widely within the rang(?>
of 1-20%,'~* which probably should be attributed to thé&
use of different tests and criteria for the diagnosis. Howg
ever, in only an estimated one third of patients with HI'E
IT antibodies do thromboembolic events develop. In paé’
tients undergoing cardiac surgery, an incidence of aps
proximately 1% has been reported,® and is associated Witl§
devastating complications, such as stroke, myocardial and;
mesenteric infarction, and pulmonary embolism. ®

In patients diagnosed with HIT II, an alternative anti-
coagulation must be used. In cardiac surgery, this poses
a problem because anticoagulation of the cardiopulmo-
nary bypass (CPB) system with unfractionated heparins
(UFH) is the only well-established protocol. The hepa-
rinoid danaparoid sodium and the thrombin inhibitor
recombinant hirudin (r-hirudin) have been successfully
used in a large number of patients with HIT II during
CPB.>°"'"' However, when impaired renal function is
present, no antidote is available. Severe hemorrhaging in
patients with renal failure where these agents have been
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used during CPB have been described,'®'? because
these drugs are normally excreted and no antidote is
available.

Early reports about CPB in patients with HIT II de-
scribed the successful use of prostacyclin combined
with UFH.'®> However, the use of prostacyclin is associ-
ated with marked hypotension. In addition, no reliable
on-line monitoring of the antiplatelet effect is available.

Antagonists of the platelet glycoprotein (GP) IIb-IIIa
receptor provide potent inhibition of platelet aggrega-
tion and have been evaluated in large clinical trials dur-
ing interventional cardiology procedures.'*'> These
agents have been proved in vitro to inhibit platelet
activation in HIT patients.'®~?° We report on the use of
UFH and the short-acting platelet GP IIb-IIla antagonist
tirofiban in 10 patients with HIT II and impaired renal
function for anticoagulation during CPB.

Patients and Methods

After approval by the local ethics committee (Charité,
Campus Virchow, Berlin, Germany) and informed con-
sent, 10 patients diagnosed with HIT II and impaired
function of the kidneys, as determined by a creatinine
clearance less than 50 ml/min and a serum creatinine
concentration more than 1.5 mg/100 ml were enrolled
in this prospective investigation.

Diagnosis of Heparin-induced Thrombocytopenia II

In three patients, the diagnosis of HIT II was proved
during the immediate preoperative period in our hospi-
tal as a result of a decrease of the platelet count during
heparinization to less than 100,000/ul and a positive
result in the heparin-induced platelet-aggregation assay
(minimum three of four sequences positive). Six patients
had been previously diagnosed with HIT II. All of them
revealed a decrease of the platelet count of less than
100,000 or more than 50% from baseline during heparin
administration, they had a positive reaction in the hep-
arin-induced platelet-aggregation assay, and three of
them additionally exhibited the clinical events of throm-
boembolism, such as stroke (n = 1), pulmonary embo-
lism (n = 1), and peripheral embolism (n = 1). Only in
one patient, who was diagnosed in another hospital,
because of the unavailability of the heparin-induced
platelet-aggregation assay, was the diagnosis based on
clinical signs and a positive result with the heparin-
platelet factor 4 enzyme-linked immunosorbent assay.
This patient revealed a decrease of the platelet count
from 145,000/ul to 35,000/ul during heparinization,
which was followed by deep vein thrombosis. Addition-
ally, the diagnosis was indirectly confirmed by an in-
crease of the platelet count to 170,000/ul after a change
of the anticoagulation to r-hirudin (Refludan; Hoechst,
Frankfurt, Germany). In all patients diagnosed in another
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hospital, the actual presence of HIT II antibodies was
proved in the heparin-platelet factor 4 enzyme-linked
immunosorbent assay (Stago; Asniers-sur-Seine, France)
before surgery.

The preoperative anticoagulation for all patients was
performed by the intravenous application of r-hirudin.
After a bolus of 5 mg, the continuous infusion was
started with 2 mg/h. The infusion was adjusted until an
activated partial thromboplastin time of 40-60 s was
reached as the target value. In all patients, a rapid in-
crease of the platelet count was observed after cessation
of the heparin administration and initiation of anticoagg
ulation with r-hirudin. The anticoagulation was maind
tained until the patient reached the operating room.

Anesthesia and Intraoperative Anticoagulation

Anesthesia was performed according to the depart
mental standard with a totally intravenous techniqu%
that used midazolam, etomidate, sufentanyl, and pancug
ronium for induction and sufentanyl, propofol, and pang
curonium for the maintenance of anesthesia. Monitoring
included a radial arterial line; a trilumen central Venoug;
catheter, and a introducer with a non- heparin—coate&;-
pulmonary artery catheter for continuous cardiac outpuﬁg
measurement (Baxter, Oakland, CA) via the right interé;"
nal jugular vein. Cardiopulmonary bypass was perg
formed according to the departmental standard with théz
use of non-heparin-coated lines, a roller pump, an
moderate hypothermia (30-32°C). In one patientg
thromboendarterectomy of the pulmonary artery Wa§
performed with deep hypothermia (18°C). In all paé
tients, aprotinin (Antagosan; Hoechst, Frankfurt, Gerc‘é
many) was administered with a bolus of 2 X 10° kaé
likrein inhibiting units to the patient, 2 X 10° kallikreirs
inhibiting units for the priming solution, and a continug
ous infusion of 500,000 kallikrein inhibiting units/h du2
ing CPB. At the beginning of surgery, the r-hirudin infud
sion was stopped. Ten minutes before cannulation fo%r
CPB, a bolus of tirofiban (Aggrastat; MSD, Haar, Ger2
many) of 10 ug/kg was given and followed by a COIltiI%
uous infusion of 0.15 ug - kg™ ' - min~
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min~ '.'® Five minute§
after the bolus of tirofiban, a bolus of 400 IU/kg UF}%
(Liquemin; Roche, Grenzach-Wylen, Germany) was ad®
ministered. The CPB was started when a target activated
clotting time (ACT) value of 480 s was achieved. During
perfusion, additional boluses of UFH were given if the
ACT decreased below a value of 480 s. The continuous
infusion of tirofiban was stopped 1 h before the antici-
pated cessation of CPB. After perfusion, the CPB lines
were emptied and infused into the patient. The neces-
sary dosage of protamine was determined by the Hepcon
HMS (Medtronic, Minneapolis, MN) and by total reversal
of heparin after protamine application was confirmed
via the low-range cartridge.
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Monitoring of Coagulation and Guidelines for

Transfusions

Monitoring of platelet function was performed with
the 20 um adenosine phosphate-stimulated platelet ag-
gregometry (Molab; Bio-Data Corporation, Philadelphia,
PA) in citrated platelet-rich plasma. Platelet-rich plasma
was prepared by centrifugation at 800 r/min for 15 min,
and aggregation was measured at a stir rate of 900 r/min
at a temperature of 37°C.

A four-channel kaolin TEG® (ROTEG; Dynabyte, Mu-
nich, Germany) was performed with two baseline chan-
nels and two additional channels that contained abcix-
imab 5 ug/ml (ReoPro; Lilly, Bad Homburg, Germany)
for discrimination of the influence of the platelet glyco-
protein IIb-IIIa receptor inhibition on the clot strength
as observed by the maximum amplitude. The channels
were prepared according to the following:

Baseline channel: 300 ul citrated whole blood + 20 w
kaolin solution (50 ml CaCl, 0.645% + 100 ul kaolin)
+ 20 ul CaCl, [0.2 M, buffered; Dynabite, Munich,
Germany]).

Abciximab channel: 300 ul citrated whole blood + 20 u
kaolin solution + 20 ul CaCl, + 35 ul abciximab
(ReoPro; Lilly, Bad Homburg, Germany).

According to previous investigations, a maximum am-
plitude of 40-50 mm using the kaolin activator was
evaluated as normal.

The platelet aggregometry was performed before sur-
gery, after the bolus of tirofiban, before heparin admin-
istration, and at intervals of 60 min after the application
of tirofiban until the patient was transferred to the in-
tensive care unit. The abciximab-modified TEG®, be-
cause it contained no heparinase, was only performed
before surgery, after the tirofiban bolus, before heparin,
and after protamine application at intervals of 60 min.
The ACT was measured before closure of the chest.

Fresh frozen plasma was given according to the clinical
demands and at the discretion of the attending anesthe-

siologist. Platelet concentrates were only transfused un-
der the condition of a prolonged ACT value of more than
150 s after protamine administration, persistent clinical
evidence of microvascular bleeding, thrombocytopenia
(fewer than 100,000/ul), and a suppressed maximum
amplitude (fewer than 30 mm) in the baseline TEG®.

Postoperative Anticoagulation

Immediately after the arrival in the intensive care unit,
a continuous infusion (5 mg/h) of r-hirudin was started
and adjusted to a target activated partial thromboplastin
time value of 40-60 s. Platelet counts were monitore%,
every 4 h over a period of 12 h and twice daily thereafteg
until the patient was discharged.

In the case of a decrease of the platelet count, a HIT Ig
reaction resulting from residual antigen-antibody comg
plexes was suspected, and the r-hirudin dose increase%
to an activated partial thromboplastin time of 60 -80 s§
After discharge from the intensive care unit, the anticos
agulation was changed according to the department
standards to either aspirin or coumadins.
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Detection of Thromboembolism and Measurement

of D-dimers

The patients were examined twice daily for signs
thromboembolism, which included investigation for thui;"
occurrence of embolic splits by inspection, oscultatiog
and pulse status of the arteries, palpation of the abdo‘g
men to exclude mesenteric infarction, and neurologicg
investigation to rule out stroke. In the case of suspectectg
thromboembolism, further radiologic diagnosis was un§
dertaken using computed tomography, arterial angiogra§
phy, and Doppler sonography. D-dimers, as a noninvag
sive marker of venous thromboses, were measured aE
12-h intervals during the first 48 h after surgery. Th§
concentration of D-dimers was ascertained in citrate@;
plasma by the use of the AUTO Dimertest (Organoxg
Technika, Eppelheim, Germany). The reference rangg
was 130-200 ug/l. The creatinine kinase concentration§
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Table 1. Biometric Data, Laboratory Data, and Surgery S
LVEF Creatinine CC 9‘3,
Patient Sex (%) Age (mg/dl) (ml/min) Diagnoses and Coexisting Diseases Surgery =3
o
1 Male 45 65 1.7 44 Mitral valve thromboses Re-MVR R
2 Male 35 32 2.1 38 Mitral valve thrombosis Re-MVR
3 Female 60 28 1.8 43 Two-vessel disease, aortic stenosis, AVR + 2 X CABG
diabetes
4 Male 35 73 2.2 42 Endocarditis and aortic root abscess, COLD ARRM@
5 Female 25 75 1.9 39 Three-vessel disease, COLD Re-CABG 4%
6 Male 35 45 3.2 34 Three-vessel disease, diabetes CABG 3x
7 Male 35 47 2.0 37 Aortic regurgitation mitral stenosis AVR + MVR
8 Male 35 54 21 42 Mitral, tricuspid valve regurgitation MVR, TVR
9 Female 41 43 2.4 39 Three-vessel disease, diabetes CABG 3%
10 Female 70 25 3.1 29 Pulmonary artery embolism, diabetes PATEA

LVEF = left ventricular ejection fraction; CC = creatinine clearance; MVR = mitral valve replacement; AVR = aortic valve replacement; CABG = coronary artery
bypass graft; COLD = chronic obstructive lung disease; ARR™® = aortic root replacement with homologous graft and coronary reimplantation; TVR = tricuspid

valve reconstruction; PATEA = thromboendarterectomy of pulmonary artery.
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Table 2. Duration of CPB, Transfusions, and Postoperative Chest Tube Drainage

Duration of CPB ACT Chest Tube Drainage, 12/h

Patient (min) (s) RBC FFP RDP (ml)
1 87 135 0 0 0 250
2 78 141 2 3 0 310
3 85 115 0 0 0 450
4 187 145 4 6 2 470
5 110 123 2 3 0 110
6 67 141 2 3 0 520
7 134 125 4 6 0 320
8 125 132 2 3 0 340
9 97 127 2 0 0 410
10 251 141 2 6 1 390

S
RBC = red blood cell concentrates; CPB = cardiopulmonary bypass; ACT = activated clotting time; FFP = fresh frozen plasma; RDP = random donor plateleté

(critical value, > 100 U/l; creatinine kinase MB only
measured in case of creatinine kinase concentration be-
ing > 100 U/ml) and troponin I concentrations (critical
value, > 4.0 ng/ml), as markers for myocardial infarc-
tion, were measured routinely once daily.

Statistical Analysis

All values are presented as mean * SD. The statistical
analysis was performed using repeated-measures analy-
ses of variance with the use of the Scheffé F test. A P
value less than 0.01 was determined to be significant.

Results

Biometric Data

The biometric data, preoperative diagnoses, preopera-
tive laboratory data, and the surgery performed are pre-
sented in table 1.

The CPB time ranged from 67 to 221 min (table 2).
During perfusion, none of the patients needed an addi-
tional bolus of heparin because of a persistent prolonga-
tion of the ACT being more than 480 s. None of the
patients required a continuous infusion of vasoconstric-
tors because of marked hypotension while undergoing
perfusion. During surgery, eight patients had a platelet
count decrease to a range of 46-72% when compared

pepeo

was a transfusion of platelet concentrates necessaryz
Transfusions of red blood cells and fresh frozen plasm&
were necessary in five patients. Two patients left thé
hospital without any transfusions (table 2).

The ACT measured after arrival at the intensive caré;
unit ranged from 115 to 145 s. The postoperative chesg
tube drainage within the first 12 h ranged from 110 t¢

520 ml.

zese

Platelet Function Test and Whole Blood

Coagulation Tests

During CPB, the results of adenosine diphosphatez
stimulated platelet aggregometry revealed a potent inhi:';L
bition of platelet aggregation by tirofiban. The Value§
obtained 2 and 3 h after termination of the tirofibarp
infusion for the adenosine diphosphate-stimulated ags
gregation remained depressed, whereas a significant in:z
crease of the maximum amplitude of the baseline TEG®§
when compared with the abciximab-modified TEG®
channel, suggested a faster recovery from the effects OE
the antiplatelet agent (table 4). 2

Lie/ABojoisayisaue/w
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Postoperative Outcome
Patients were admitted to the intensive care unit with
out catecholamine support (patients 1, 3, 6, 8, and 9) og
with moderate catecholamine support (patients 2, 4, Sg

€1000-000201

P

with the baseline values (table 3). Only in two patients 7, and 10; epinephrine, 0.1-0.2 ug - kg ' - min~"). Ng
@
Table 3. Results of the Platelet Count (1,000/ul) §
Postoperatively %
Patient No. Preoperatively After Surgery After 4 h After 12 h After 48 h After 7 days
1 177 95 125 146 210 221
2 230 154 167 201 208 199
3 167 124 154 217 234 260
4 90 98* 123 234 267 310
5 210 97 129 254 246 230
6 325 234 237 279 310 367
7 243 124 176 203 240 267
8 165 97 133 167 170 174
9 220 120 168 179 198 234
10 120 130" 148 176 192 210

* Intraoperative transfusion of platelets.
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Table 4. Results of the Platelet Function Test and Whole Blood Coagulation Tests
Before
Chest
Before Tirofiban After Tirofiban After 1 h CPB 1 h after CPB 2 h after CPB Closure
ADP B-TEG® A-TEG® ADP B-TEG® A-TEG® ADP ADP B-TEG® A-TEG® ADP B-TEG® A-TEG® ACT
(%) (mm) (mm) (%) (mm) (mm) (%) (%) (mm) (mm) (%) (mm) (mm) ()
82+49 41 +43 71+21 12527t 11 +23% 41+1 101 +23f 17 *+3.5f 24 3.0t 8 +0.5 37 =10.7+ 37 £ 5.1* 9.2+ 1.8 137 =55
n=10 (h=100 (=100 (h=10) (n=10 (n=10) (n=10) n=10) =10 (=10 (=10 (=10 (=10 (h=10)

* Significantly increased (P < 0.01) compared with value of abciximab TEG®.

T Significantly decreased (P < 0.01) compared with adenosine diphosphate (ADP;

20 um)-stimulated platelet aggregation before tirofiban administration.  Significantly decreased (P < 0.01) compared with baseline value before tirofiban

administration.

CPB = cardiopulmonary bypass; B-TEG® = baseline thromboelastogram; A-TEG® = abciximab thromboelastogram; ACT = activated clotting time.

patient needed reexploration. All patients were dis-
charged from the intensive care unit within 24 h. No
additional transfusions were necessary after surgery.

Frequent precise clinical investigation in none of the
patients revealed any evidence for intra- or postoperative
thromboembolic events. Therefore, no more invasive
radiologic investigations were carried out. All patients
left the hospital in accordance with a normal schedule of
between the 7th and 10th postoperative day.

Cardiopulmonary Bypass Clot Formation

There were no intraoperative signs of clot formation in
the CPB as witnessed by an increased in-line pressure of
the oxygenator (> 400 mmHg). After surgery, the CPB
systems were examined for clot formation. There was no
evidence of thromboses of the CPB systems after the
visual examination of the systems.

Concentrations of D-dimers, Platelet Counts,

Creatinine Kinase, Creatinine Kinase MB, and

Troponin I

No patient revealed a preoperative increased concen-
tration of D-dimers (range, 141-178 ug/l; table 5). The
D-dimer concentrations 12 h after surgery ranged from
156 to 298 pg/l, whereas the values obtained after 24 h
ranged from 144 to 230 ug/l, and the values obtained
after 48 h ranged from 132 to 212 ug/l. No patient
exhibited a decrease of the platelet count during the
postoperative period (table 3). In no patient was there
laboratory evidence of myocardial infarction as ob-
served by a critical increase of the creatinine kinase
concentrations (37 £ 15 U/D) or troponin I concentra-
tions (0.7 £ 0.15 ng/mb).

Table 5. Results of the D-dimer (ug/1) Determination

Discussion

I} pepeojumoq

.

Cardiac surgery that involves CPB was performed in &
series of 10 patients with both HIT II and preoperativg
impaired function of the kidneys. In all patients, anticoy
agulation during CPB was accomplished using UFH afteéf
inhibition of platelet aggregation with the short-acting
platelet GP IIb-IIla receptor antagonist tirofiban. Thé
postoperative chest tube drainage was comparable witl$
similar procedures that used only UFH as the anticoagu%
lant. In none of the patients was there clinical evidencé
for intra- or postoperative arterial or venous thrombose§»'
and embolisms.

The current data suggest that in patients with HIT I§
and renal impairment, the combined use of UFH and th&
short-acting GP IIb-IIIa inhibitor tirofiban during CPB i§
a promising, easy to perform, new alternative option t(}E
established concepts that use danaparoid sodium or 2
hirudin, both of which are associated with increased
hemorrhaging in the case of renal impairment.'*'? Morezz
over, the use of a GP IIb-IIla inhibitor appears to be amE
improvement when compared with prostaglandins ag
the antiplatelet agent, which are also associated Wit@
severe hemodynamic side effects.

In contrast to abxicimab (ReoPro), tirofiban bind§
competitively to the GP IIb-IIIa receptor and involves %
shorter inhibition of platelet function. The short half-life
of approximately 2 h and the predominantly bilary elimgi
ination (> 70%) favor this agent for the purpose of Z
short, controlled inhibition of platelet aggregation, pasg
ticularly in patients with renal impairment.*'

D-dimers have a high negative predictive value for th&
incidence of venous thrombosis and pulmonary embo-
lism.** The fact that a high postoperative pathologic
D-dimer concentration was observed in none of the

He/AB
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Before CPB 12 h Postoperatively 24 h Postoperatively 48 h Postoperatively
Mean + SD 167 = 20.8 205 = 16.7 198 + 18.1 169 = 17.3
Range 141-178 156-298 144-230 132-212

* Values are significantly (P < 0.01) increased compared with preoperative value.

CPB = cardiopulmonary bypass.
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patients and that the D-dimer concentrations decreased
rapidly after surgery provides strong evidence that no
venous thromboses or pulmonary embolism occurred
within the investigation period. The moderate increase
in the D-dimer concentrations after surgery can be at-
tributed to operative trauma and extracorporeal circula-
tion.*> Moreover, there was no clinical evidence of arte-
rial thrombosis or embolism or laboratory evidence of
myocardial infarction. No patient exhibited a decrease of
the platelet count in the postoperative period. Thus, this
investigation for the first time provides evidence that
platelet GP IIb-IIIa antagonist tirofiban effectively inhib-
ited HIT II-associated thromboembolism in vivo, partic-
ularly in view of the confirmed actual antibody status in
all patients before surgery.

However, there is no information with regard to the
persistence of heparin-platelet factor 4 antibody com-
plexes, either in the plasma or after binding to the
platelet FcyRII receptor. In consequence, with ongoing
recovery of platelet aggregation, the patient is poten-
tially at a residual risk of HIT II-associated complications
developing that are the result of circulating or platelet-
bound antigen-antibody complexes. Therefore, the im-
mediate institution of an effective antithrombotic ther-
apy is an integral part of the concept. As thrombin
generation plays a pivotal role in HIT II-associated
thromboembolism,** r-hirudin, the most potent throm-
bin inhibitor known, was used for thrombosis prophy-
laxis.** Despite the impaired function of the kidneys, the
systemic application of lower doses (activated partial
thromboplastin time, 40-60 s) of r-hirudin was not as-
sociated with postoperative hemorrhage.

Visible clot formation in the operation field at the
conclusion of surgery and the results of the global coag-
ulation test ACT reveal a fast restoration of coagulation.
This observation is supported by the faster recovery of
the maximum amplitude in the baseline channel of
TEG®, whereas the abciximab channel of TEG® re-
mained suppressed after termination of the tirofiban
infusion. However, the adenosine diphosphate-stimu-
lated platelet aggregation, in keeping with literature
data, was still suppressed.'> This divergence between
the results of the whole blood coagulation tests and the
persistent inhibition of platelet aggregation in the aden-
osine diphosphate-stimulated platelet aggregation in ci-
trated platelet-rich plasma needs further elaboration.

One limiting factor of this investigation is that only
venous thromboses and pulmonary embolism could be
ruled out as thromboembolic events by the use of the
D-dimer test. Arterial embolism and thrombosis, except
myocardial infarction, which was ruled out by the labo-
ratory markers creatinine kinase and troponin I, were
not excluded by repetitive and more invasive radiologic
methods. However, the frequent careful clinical investi-
gation of the patients, the uneventful postoperative
course, and the increasing postoperative platelet counts
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provided no evidence for the occurrence of such com-
plications, which might have justified more invasive di-
agnostic procedures, particularly in view of the reported
ratio of 3 or 4:1 for venous to arterial embolism.>°

However, although the efficiency of the tirofiban pro-
tocol has been validated in large clinical trials, CPB might
have an influence on the effect of the agent. Therefore,
close control of the tirofiban effect via a specific point-
of-care monitoring system is highly desirable.

We conclude that the combined use of UFH with
tirofiban for anticoagulation during CPB and immediate
postoperative antithrombotic therapy of r-hirudin wag
not associated with clinical or biochemical evidence of
thromboembolism in 10 patients with HIT II and a press
ence of HIT II antibodies. No patient exhibited postop‘cii

=

erative hemorrhage complications. The protocol ap2
pears to be a promising option for patients with HIT I
and renal impairment. Because of the ease of use, it maﬁ
be an attractive alternative to other anticoagulation con
cepts for patients with HIT II during CPB. Further Valg

dation in clinical trials is necessary.
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